ABSTRACT. In evaluating a patient with thrombotic microangiopathy (TMA), it is necessary to rule out thrombotic thrombocytopenic purpura before a diagnosis of atypical hemolytic uremic syndrome (aHUS) is made. There have been reports that mutations of complement factors can coexist with partial A Disintegrin and Metalloproteinase with a ThromboSpondin type 1 motif, member 13 deficiency. Here, we report the case of a 6-year-old girl who was initially diagnosed as nephrotic syndrome and developed TMA after five years of onset of illness. She had poor response to treatment and had multiple relapses due to associated complement factor mutation. Hence, genetic evaluation has to be considered in all children presenting with aHUS.
Introduction
The term thrombotic microangiopathy (TMA) encompasses a spectrum of disorders presenting with thrombocytopenia, microangiopathic hemolytic anemia, acute kidney injury [predominantly in atypical hemolytic uremic syndrome (aHUS)], neurological symptoms [predominantly in thrombotic thrombocytopenic purpura (TTP)], and multi-organ involvement. There have been reports of mutations of complement factors which co-exist with partial ADAMTS 13 (ADAMTS 13) deficiency.
A 6-year-old female child born to parents of nonconsanguineous marriage presented to our hospital in August 2015 with facial puffiness and pallor of two-week duration, dyspnea on exertion, and decreased urine output of oneweek duration. She was diagnosed with steroid-sensitive nephrotic syndrome at the age of 18 months but had been in remission for a period of three years. There was a history of anemia requiring blood transfusion prior to visiting us. Her paternal uncle had succumbed to death at the age of 1½ years with a history of diarrhea followed by facial puffiness and anasarca. On examination, she had pallor, anasarca, and stage II hypertension. Rest of the clinical examination was within normal limits. On laboratory evaluation, she had features of microangiopathic hemolytic anemia (MAHA) [anemia (hemoglobin: 5.8 gm%), schistocytes
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of 4% and thrombocytopenia (60,000/mm 3 ) and renal failure (serum creatinine: 3.9 mg%). She also had nephrotic range proteinuria (Up/Uc: 14.05), hypoalbuminemia (albumin: 2.3 g%), hypercholesterolemia (total cholesterol: 328 mg/dL), and raised amylase (206 U/L) and lipase (227 U/L). Her C3 and C4 levels were normal (C3: 93.7 mg%, C4: 28 mg%), and ANA was negative. Blood samples for anticomplement factor H (CFH) antibody and ADAMTS 13 activity were sent. Renal biopsy showed evidence of recurrent TMA.
She was diagnosed with aHUS/TTP and was started on plasma exchange (daily for seven days followed by alternate-day therapy for a total of 14 cycles). As she had acute kidney injury with oliguria, hemodialysis was initiated. She was also concomitantly started on pulse methylprednisolone followed by oral prednisolone. She was started on intravenous pulse cyclophosphamide as pulse cyclophosphamide is found to induce and maintain remission in antibody-mediated aHUS. 2 She responded well to treatment; her general condition improved and her creatinine decreased to 1.5 mg% at which it remained stable. Anti-CFH antibody level was 212 AU/mL (reported 4 weeks later), and ADAMTS 13 activity (enzyme immuno-assay-fluorometry) was reported to be 4% with the presence of inhibitors (reported 4 weeks later). ADAMTS13 activity was repeated again after four months when the child was in remission, which remained low (<5%) with the presence of inhibitors. Based on this, a diagnosis of TTP was considered. Two months later in November 2015, the child had relapse with seizures and features of MAHA, supporting the diagnosis of TTP. She also had worsening of renal function. She was restarted on plasma exchange. Despite nine plasma exchanges, she attained only partial hematological remission, and her renal function deteriorated rapidly with loss of residual renal function. She was initiated on peritoneal dialysis in December 2015. In view of refractory TTP, three doses of rituximab were given over a period of six weeks with which she attained hematological remission. In May 2016, she had another relapse during which she attained remission after five daily plasma exchanges.
With intensive plasma exchange and rituximab infusion, ADAMTS13 levels became normal in July 2016. Genetic analysis by targeted gene sequencing was done at a newly available facility MedGenome in Bengaluru, India, in view of the atypical course. This revealed a heterozygous mutation in CFI gene ( Table 1 ). The same mutation was seen in her unaffected father. The genetic analysis of her mother was normal (Table 1) . Eculizumab being unavailable in this country and with the difficulties of importing it from other countries due to its exorbitant cost, she was started on mycophenolate mofetil. Two months later, in August 2016, she was readmitted with pseudomonas septicemia and shock to our pediatric intensive care unit. She was started on meropenem and vancomycin and other supportive measures. Her peritoneal fluid culture was sterile. In the course of illness, she developed pericardial effusion with cardiac tamponade, for which pericardiocentesis was done. Despite all supportive measures, she succumbed to her illness on the 4 th day of hospitalization.
Discussion
The term aHUS is now reserved preferentially for hemolytic uremic syndrome without any coexisting disease. 3 Mutations in various According to the diagnostic algorithm, in evaluating a patient with TMA, it is necessary to rule out TTP before a diagnosis of aHUS is made. 3 There has been previous report of congenital TTP associated with CFH rare variant. 5 The diagnosis of aHUS is considered and mutational screening is recommended when other coexisting diseases such as bone marrow transplantation, Streptococcus pneumoniae and Haemophilus influenza infection, TTP, STEC-HUS, and cobalamin C defect have been excluded. 3 The present case presented with nephrotic syndrome at the onset of the disease. Although children with atypical HUS present with rapid onset of anemia, thrombocytopenia, and renal failure, approximately 20% can present with slowly progressive disease. 6, 7 It was also reported in literature that different types of glomerulopathies can be complicated by atypical HUS. 8 Atypical HUS can present with nephrotic range proteinuria and edema. The child in the present case was found to have severe deficiency of ADAMTS13 which was done twice at an interval of three months. She showed a relapsing course to plasmapheresis. A review of literature revealed that preemptive infusion of rituximab after inducing clinical remission in TTP effectively reduces clinical relapses in acquired TTP. 9 The levels of CFI, CFH, and C5b-9 were not done as these tests were not available at that time.
She continued to have a relapsing course of disease after her ADAMTS13 level normalized. Mutational analysis was sent in view of her relapsing and recurring course about nine months after her presentation to a facility, which had not been previously available. A heterozygous missense variation in exon 2 of the CFI gene (chr4:110687890; G>G/C; Depth: 236x) that results in the amino acid substitution of alanine for proline at codon 50 (p.Pro50Ala; ENST00000394634) was detected in our patient. The same mutation was seen in her unaffected father ( Table 1) . The abovereported variation was previously reported as P32A without signal peptide. 10 The Pro32Ala mutant was able to cleave the α-chain of C4b, but the cleavage of the α-chain of C3b was impaired and this resulted in a 60% decrease in the factor I. The Pro32Ala variant is present in the factor I membrane attack complex domain, and structural analysis on the potential consequences of this variant on the protein structure revealed stability and folding problems. The Pro50Ala variant has a minor allele frequency of <0.02% in both the 1000 genomes and ExAC databases. Pro50Ala mutation in CFI gene is also reported in patients with definite Pneumococcus-associated aHUS.
11
Homozygous mutations of CFI are associated with immunodeficiency disorders. They may also result in aHUS.
12 CFI mutations are extremely rare and have so far been reported in only 6.7% of children with aHUS.
3 Mutation in complement factor I gene results in deficiency of the complement, leading to uncontrolled cleavage of C3 and activation of the complement pathway. Low C3 levels can be seen in approximately 60% of patients with CFI mutation. Relapsing course can be present in 20%-40% of aHUS with CFI mutation. 13 Progression to end-stage renal disease or death is reported in 50% of the children with CFI mutation. ADAMTS13 cleaves von-Willebrand factor multimers into monomers. Approximately 20% of acquired TTP occur in children aged <9 years. 14, 15 Mutations of both CFI and ADAMTS13 have also been implicated in the pathogenesis of TMA. The confounding presence of low levels of ADAMTS13 delaying the diagnosis and treatment of children with aHUS due to complement mutations has been reported in adults. 16 Fidalgo et al, studied 11 complement genes by next-generation sequencing and found only four rare benign variants of CFI mutation (n = 3) and CFB mutation (n = 1) in a cohort of 40 TTP patients. It was also found in their cohort that additional genetic risk factors with possible impact in the activity of ADAMTS13 were present in patients with aHUS, which may augment the activity of benign variants. 17 Phillips et al, reported no rare genetic variants in complement genes in their cohort of 14 TTP patients. 18 As it is evident from our patient, ADAMTS13 deficiency does not exclude a coexisting underlying complement mutation-associated aHUS and can deny early diagnosis of the underlying complement pathway mutation.
Conclusion
Workup for complement pathway dysregulation including mutational analysis may be required in any children with TMA, especially when the severity of renal failure is out of proportion to what may be expected in TTP.
